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Indirect Effect
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Rainfall Suppressed Rainfall Enhanced
by Aerosols by Aerosols
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Modeling Tao 2007, Fan, 2007;
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Probability of Precipitation
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Global effects of pollution on precipitation

the last
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GCM-- estimates 0 to - 4.5% change in global mean prec
100 years due to the direct and indirect aerosol effects.

The differences among models over land range from -1.5% to -8.5%.
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Aerosol Microphysical Effect
(Twomey Effect &
Apparent Anti-Twomey Effect)



Fig. 2. In-situ Measurements of Aerosols and Clouds
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Aerosol Impact on Cloud Particle Size
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Droplet Effective Radius

DER-AQOD relationship
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AlE efficiency distribution

Yuan et al. (2008)



Region Latitude | Longitud Dominant Period AIE Sample size

range e range Aerosol/Cloud efficiency
Types
North Atlantic | 10-20N 20-40 W Dust, June-August, 2002 Negative 99,978
Stratocumulus
South Atlantic 5-20S S5E-20W Smoke, June-August,2002 Negative 100,377

Stratocumulus

Southern 5-258S 75-105W Sea salt, sulfate and August-October, Negative 74,216
Pacific pollution, 2002
Stratocumulus
Indian Ocean 12-20N 60-70E Dust with pollution, June-August, 2002 Negative 94,023

Trade cumulus

India 13-24N 70-85E Mixture of sulfate, June-August,2002 Neutral 53,888
dust, sea salt and
smoke, cumulus

Amazonia 8S-12N 44-76 W Mainly smoke August-October, Negative 672,421
2002
Southeastern 23-43N 100-120E Mixture, cumulus June-August,2002 Positive 179,533
China

Student-t test indicates except India the difference among different loading
of aerosols are statistically significant at least at the 95% level

Yuan et al (2008)



Aerosol Thermodynamic Eftect
(Invigoration ettect, but not
just for ice clouds)
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W X DT

Pristine

- Direction of airflow
Xk lce & snow crystals
4 Graupel or small hail
¢ Raindrop
e Larger cloud droplet
* Small dloud droplet

- Smaller cloud droplet

W o s SN
- T “ " ;.‘_\.._‘. PR R A,

H Al Lbisﬁpati
Rosenfeld et al. (2008) Graphics by Robert Simmon, NASA




While rain amount and frequency
change in harmony in general, the
impact of aerosol on initiation of rain is
likely to be more significant than rain
amount, as the latter is dictated more
by dynamics and abundance of
available water



Datasets Used

Daily ARM SGP data 2003-2008 (~20000 data
samples)

Most complete and highest quality measurements of
aerosol, cloud, atmospheric state

Key variables used:
— Aerosol CN number concentration on the ground
— Tipping bucket rain gauge
— LWP from microwave radiometer
— Cloud bottom and top heights from cloud radar & lidar
— NOAA/NCAR Reanalysis
— MODIS cloud particle size



Rainfall Frequency tfor clouds with
different liquid water path at SGP
(All-Season Data)
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Comparison of the Results Obtained in
All Seasons and 1n Summer Only
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Rainfall frequency

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Summer

y =0.0329x + 0.0218
R?=0769

y =-0.0078x + 0.0501

2 _
e R =06164

- 12.00%

- 10.00%

- 8.00%

- 6.00%

- 4.00%

- 2.00%

0-1000

1000- 2000- 3000- 4000- 5000-
2000 3000 4000 5000 6000

CN [cm-3]

0.00%

Rainfall frequency

¢ CBH<1km

® 1km<CBH<4km
— Linear (1km<CBH<4km)
—Linear (CBH<1km)




Surface temperature (Degree Celsius)

Water Vapor (cm)
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Lower Tropospheric Static Stability
(LTSS)
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LTSS is defined as the difference of potential temperature between
700hPa and the surface [Klein and Hartmann, 1993].



Cloud Thickness and Top Height

for clouds with different cloud base heights

Cloud Thickness (m)
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Cloud Base Heights
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Cloud Top Height (m)

Cloud Top Heights
(for clouds of cloud base <1km)
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For clouds with CBH<lkm, clouds are classified into two categories
with cloud top heights greater (

) and less than (red) 2km.



Cloud Top Heights

All Seasons
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Competition of two opposite eftects

Meteorological
effects

Responses of . . N
. P - _ Invigoration Depend critically
Rainfall frequency Increase rainfa Effects on cloudbase !

to increasing CN

Not always increase

Depend critically
on available water




Precipitation Fr'equency
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Time series of number of days for light rain
(<10mm/day) from 1956-2005
(Ief’r JJA, r‘ugh’r Jan- Dec)
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Summary

Aerosols appear to have very significant impact on cloud and
precipitation even on long-term mean, not just for individual
cases.

The net impact on precipitation appear to depend on the relative
strength of aerosol microphyical effect (ME) and thermodynamic
effect (TE).

ME is dictated by cloud liquid water path, while TE depends
critically on cloud base height.

Cloud top height and thickness are apparently related to aerosol

concentration in the PBL for low-base clouds, but no effect on
high-base clouds.

The aerosol effects are much stronger in summer than in other
seasons, presumably due to its high frequency of convective
clouds.



